ABSTRACT: Laboratory sand box tests were performed in this study to investigate the improvement in bearing capacity of a strip footing reinforced with woven geotextile in dry sand. The test cell is 0.9m wide, 0.9m long and 1.0m high. A hydraulic loading system was used to apply the normal force to a 0.85m × 0.1m × 0.05m (length × width × height) strip footing. The unreinforced bearing capacity was obtained and compared with value calculated using Terzaghi's equation. Various parameters such as: burial depth, length of reinforcement, number of layers and distance between layers were varied to investigate their effects on the bearing capacity. Results of these tests indicate that the optimum burial depth of reinforcement is about 0.4 times the width of footing, with a bearing capacity ratio (BCR) of about 1.67. The optimum reinforcement length is about 3~4 times the width of footing with a BCR value of 1.81. The improvements in bearing capacity obtained from laboratory testing are in accord with previous numerical simulation. However, the loading behaviors are quite different due to the failure mechanism assumed in the numerical simulation.
INTRODUCTION
Geosynthetic materials such as geogrid or geotextile are often used to compose a reinforced earth to improve the engineering properties of weak ground. Several investigators, such as Siddiquee et al. (1999) , Deb et al. (2007) , and Chakraborty and Kumar (2014) , have performed numerical studies on the effects of design parameters such as burial depth or reinforcement length on the bearing capacity of shallow foundations. On the other hand, Dash et.al. (2001) , Wu (2003) , and Ghosh et.al. (2005) , have conducted laboratory experiment or field observation to investigate the effects of these parameters on the performance of reinforced earth.
In order to provide the practice engineers with parameters that can optimize their design of reinforced shallow foundations, the effects of reinforcement length, burial depth, number of layers and distance between layers on the bearing capacity of a strip footing were studied numerically in the previous paper by the authors (Lai et. al., 2014) . In this study, effects of these parameters on the bearing capacity of a strip footing were investigated by laboratory sandbox tests. Results of these tests are compared with previous numerical simulation and presented in this paper.
TESTING PROGRAMS
In this study, laboratory sand box tests were performed to investigate the increase in bearing of a strip footing reinforced with woven geotextile. A photograph of the testing equipment is shown in Fig, 1 while the test setup is shown schematically in 
FIG. 2. schematic drawing of test setup
The test cell was prepared by pouring dry sand from a #10 sieve at a constant falling distance of 0.3m. This sample preparation method can yield uniform sand with a density of about 1400 kg/m 3 and a friction angle, , of 34 degrees.
An ACE Geosynthetics woven geotextile PP 70/70 was used as reinforcement material. It has a ultimate tensile strength of 70 kN/m at elongation of 12%. In order to study the effects of various design parameters such as burial depth (u) and reinforcement length (L) on the bearing capacity of strip footing, the burial depth of the reinforcement was varied from 0.3 to 0.8 times the width (B) of the strip footing. In addition, the reinforcement length was also varied from 1 ~ 6B. The benefit of using two layers of reinforcement was also studied by the inclusion of an additional reinforcement. Definitions of these parameters are show schematically in Fig. 3 .
FIG. 3. Schematic drawing of reinforcement configuration TEST RESULTS

Unreinforced Footing
In order to obtain a base line for the effectiveness of reinforcement and to verify the validity of the test results, two duplicate tests were performed on unreinforced dry sand prepared using the procedures stated in the previous section. Results of these tests were compared with numerical simulation performed previously (Lai et. al., 2014) , and the ultimate bearing capacity, q u , was also compared with value calculated using Terzaghi's Equation:
Results of such comparison are shown in Fig. 4 . The load-settlement curves of the two duplicate tests match with each other reasonably well. No significant peak was observed in these two curves, a typical local shear failure behavior for a loose sand with friction angle of 34 degrees. At a settlement of about 20mm (20% of footing width, B), the applied stress is about the same value as the ultimate bearing capacity calculated by Terzaghi's equation. On the other hand, the ultimate bearing capacity obtained from the numerical simulation is slightly lower than the value calculated using Eq. 1. However, the load-settlement curve from numerical simulation is quite different from the test curves. Because Mohr-Coulomb failure criterion was used in the numerical simulation, the load-settlement curve would expect to be more resemble of a material with general shear failure. Since loose sand was used in this study, general shear failure didn't occur in the sandbox tests. It is thus conclude that the Mohr-Coulomb failure criterion is not suitable to simulate the load-settlement behavior of loose sand. Optimum Burial Depth Several parameters were studied to find out the most effective way of placing the reinforcement. In order to compare the effectiveness of different reinforcement configurations, the bearing capacity ratio, BCR, is defined as the ratio of the ultimate bearing capacity of a strip foundation with and without reinforcement. To find out the optimum burial depth with a single layer of reinforcement, laboratory loading tests were performed by keeping the length of reinforcement material at a constant value of 6 times the width (B) of the strip footing while the burial depth, u, varies from 0.3 to 0.8B. The load-settlement curves for different burial depth are shown in Fig. 5 , while the BCR vs. u/B is shown in Fig. 6 . As can be seen in Fig. 5 , it is clear that the bearing capacity of the strip footing was improved by the addition of reinforcement. However, the improvement is insignificant until the settlement of footing is higher than 2 mm (2% of the footing width). From Fig. 6 , it can be seen that the BCR reaches peak values for all S/B when u/B is equal to 0.4, and has the highest value of 1.67 when S/B = 30%. Therefore, the optimum burial depth is about 0.4 times footing width. This value is similar to previous numerical simulation performed by the authors (Lai et. al., 2014) . 
Optimum Reinforcement Length
To find out the optimum length of reinforcement, additional loading tests were performed by keeping the burial depth of the reinforcement at a constant value of 0.4B while the length of reinforcement material, L, varies from 1~6B. Results of these tests are summarized in Table 1 and Fig. 7 . For S/B = 30%, it can be seen that the bearing capacity ratio, BCR, reaches a peak value of 1.81 at L/B = 3. For S/B = 25%, the BCR reaches a peak value of 1.70 when L/B = 4. This optimum reinforcement length is also in accord with values reported by the previous investigators. 
Two Layers of Reinforcement
The effectiveness of enhancing the bearing capacity of a strip footing with additional layer of reinforcement and its optimum arrangement were also studied in this paper. As shown in Fig. 3 , two configurations were studied. The first configuration is arranging the upper layer of reinforcement at the optimum burial depth of 0.4B, while allocating the lower layer 0.2B beneath the upper layer (i.e., d = 0.2B). In contrast, the second configuration is arranging the lower reinforcement layer at the optimum burial depth, while allocating the upper reinforcement layer 0.2B above the lower layer (d = -0.2B). Comparison of the effectiveness of these two configurations is shown in Table 2 and Fig. 8 . With single layer of reinforcement, it can be seen that at S/B = 30%, there is a 67% increase in the ultimate bearing capacity, i.e. BCR=1.67. For two layers of reinforcement with configuration 1 (d = 0.2B), the BCR increases to 1.70. With configuration 2 (d = -0.2B), the BCR increases further to 1.92. It is clear that two layers of reinforcement can yield up to 25% of additional increase in the bearing capacity. Furthermore, arranging the lower layer at the optimum burial depth is more cost effective. 
FIG. 8. Effectiveness of two reinforcement layers CONCLUSIONS
The objective of this paper is to investigate the benefit of reinforced shallow foundations through laboratory sandbox loading tests. From the results of these tests, the following conclusions can be drawn:
(1) Due to the fact that loose sand was used in this study, local shear failure was observed in the loading tests. Numerical modeling based on Mohr-Coulomb failure criterion can predict the ultimate bearing capacity of the strip footing with reasonable accuracy. However, the modeled load-settlement curve is very different from the test curve. (2) The optimum burial depth of reinforcement is about 0.4 times the width of the strip footing. This result agrees with values reported by previous investigators. (3) The optimum length for the reinforcement material is about 3~4 times the width of the strip footing. Length longer than that does not provide further increase in the bearing capacity. (4) Adding an extra layer of reinforcement will further increase the bearing capacity.
The burial depth of the lower reinforcement layer should still be 0.4 times the width of the strip footing.
